Trehalase, an anomer-inverting glycosidase, hydrolyzes only ,-trehalose in natural substrates to release equimolecular -glucose and -glucose. Since the hydrolytic reaction is reversible, ,-[1,1 0 -2 H]trehalose is capable of synthesis from [1-2 H]glucose through the reverse reaction of trehalase. -Secondary deuterium kinetic isotope effects (-SDKIEs) for the hydrolysis of synthesized ,-[1,1 0 -2 H]trehalose by honeybee trehalase were measured to examine the catalytic reaction mechanism. Relatively high k H =k D value of 1.53 for -SDKIEs was observed. The data imply that the catalytic reaction of the trehalase occurs by the oxocarbenium ion intermediate mechanism. In addition, the hydrolytic reaction of glycosidase is discussed from the viewpoint of chemical reactivity for the hydrolysis of acetal in organic chemistry. As to the hydrolytic reaction mechanism of glycosidases, oxocarbenium ion intermediate and nucleophilic displacement mechanisms have been widely recognized, but it is pointed out for the first time that the former mechanism is rational and valid and generally the latter mechanism is unlikely to occur in the hydrolytic reaction of glycosidases. oxocarbenium ion intermediate; nucleophilic double displacement Trehalase (,-trehalase, ,-trehalose glucohydrolase, EC 3.2.1.28) is classified into two groups on the basis of primary structures: glycoside hydrolase family 37 (GH37) 1) for most trehalases, and family 65 (GH65) for some acid trehalases together with phosphorylases (Carbohydrate Active Enzyme database, http: //www.cazy.org). 2) Trehalase is an anomer-inverting ( ! ) glucosidase catalyzing the hydrolysis of the -glucosidic Olinkage of ,-trehalose to liberate equimolecular quantities of -glucose and -glucose 3-5) (Scheme 1):
Trehalase, an anomer-inverting glycosidase, hydrolyzes only ,-trehalose in natural substrates to release equimolecular -glucose and -glucose. Since the hydrolytic reaction is reversible, ,-[1,1 0 -2 H]trehalose is capable of synthesis from [1-2 H]glucose through the reverse reaction of trehalase. -Secondary deuterium kinetic isotope effects (-SDKIEs) for the hydrolysis of synthesized ,-[1,1 0 -2 H]trehalose by honeybee trehalase were measured to examine the catalytic reaction mechanism. Relatively high k H =k D value of 1.53 for -SDKIEs was observed. The data imply that the catalytic reaction of the trehalase occurs by the oxocarbenium ion intermediate mechanism. In addition, the hydrolytic reaction of glycosidase is discussed from the viewpoint of chemical reactivity for the hydrolysis of acetal in organic chemistry. As to the hydrolytic reaction mechanism of glycosidases, oxocarbenium ion intermediate and nucleophilic displacement mechanisms have been widely recognized, but it is pointed out for the first time that the former mechanism is rational and valid and generally the latter mechanism is unlikely to occur in the hydrolytic reaction of glycosidases. Trehalase (,-trehalase, ,-trehalose glucohydrolase, EC 3.2.1.28) is classified into two groups on the basis of primary structures: glycoside hydrolase family 37 (GH37) 1) for most trehalases, and family 65 (GH65) for some acid trehalases together with phosphorylases (Carbohydrate Active Enzyme database, http: //www.cazy.org). 2) Trehalase is an anomer-inverting ( ! ) glucosidase catalyzing the hydrolysis of the -glucosidic Olinkage of ,-trehalose to liberate equimolecular quantities of -glucose and -glucose [3] [4] [5] (Scheme 1) :
In the hydrolytic reaction of ,-trehalose with H 2 18 O, the 18 O atom has been found to be incorporated into -glucose. 5) Since the reaction is reversible, it is possible to synthesize ,-trehalose from -glucose and -glucose by the reverse reaction. The substrate specificity is extremely high and specific to only ,trehalose in natural sugars.
While trehalases are widely distributed in microorganisms, 6, 7) plants, 8, 9) invertebrates, [10] [11] [12] and vertebrates, [13] [14] [15] their physiological functions are poorly characterized, except that trehalase(s) in flying insects can be regarded as particularly significant in the rapid supply of glucose by hydrolyzing trehalose. However, several trehalases from different sources 16) have been reported to be capable of hydrolyzing specifically synthetic substrates, for instance, -D-glucopyranosyl -D-galactopyranoside, -D-xylopyranosyl -D-glucopyranoside, and -D-glucopyranosyl 6-deoxy--D-glucopyranoside. Particularly, Pseudomonas fluorescens trehalase showed high hydrolytic activity toward -Dglucopyranosyl -galactoside more than toward trehalose. 16) In addition, it has been found that pig kidney trehalase hydrolyzes -glucopyranosyl fluoride to release -glucose, 3) and that the double bound of synthetic 3,7anhydro-1,2-didioxy-D-gluco-oct-2-enitol is hydrated by Trichoderma reesei trehalase to give 1,2-didioxy-Dgluco-octulose, 17) although these two synthetic substrates have no O-glucosidic linkage.
Two types of trehalases, soluble and bound ones, have been found in the European honeybee, 18) Apis mellifera, and silkworm, 19) Bombix mori. In our previous studies, 4, 20) the bound-type trehalase was purified from European honeybees, and the kinetic properties of the hydrolytic reaction, molecular cloning of the cDNA, and the gene structure in chromosome were examined.
Various reaction models have been proposed for the catalytic reaction mechanisms of glycosidases including trehalase, but a reasonable model explaining both inverting ( ! , ! ) and retaining ( ! , ! ) enzyme reactions remains to be established. As for the catalytic mechanisms so far proposed, two significant models of a nucleophilic double displacement 21) and an oxocarbenium ion intermediate 22, 23) reaction mechanism are widely accepted, [24] [25] [26] [27] [28] [29] but it is difficult to explain the reaction process of inverting enzymes such trehalase and glucoamylase by the double displacement mechanism. While a nucleophilic single displacement mechanism has been proposed with respect to the hydrolytic reactions of these inverting enzymes, it is unlikely that such a catalytic reaction occurs as explained below.
Are the catalytic reaction mechanisms of both inverting and retaining glycosidases explainable by a unified mechanism? Examination of -secondary kinetic isotope effects (-SKIEs) is considered to provide fundamentally important information for understanding of the catalytic reaction mechanism. 28, 29) This paper describes a catalytic reaction mechanism, the oxocarbenium ion intermediate mechanism, of a bound-type GH37 trehalase from European honeybees, based on the data for -SKIEs in the hydrolysis of synthetic ,-[1,1 0 -2 H]trehalose. Further, discussion will be made as to whether oxocarbenium ion intermediate 22, 23) or nucleophilic double displacement 21) reaction mechanism is convincing as the hydrolytic reaction of glycosidases.
Materials and Methods
Honeybees and enzymes. European honeybees (Apis mellifera, L.) were purchased from a beekeeper in Ishikari, Hokkaido, Japan, and were kept in hives on the campus of Hokkaido University. They were frozen with liquid nitrogen and stored at À80 C and used as occasion demanded. Trehalase was purified according to a previous paper. 4) Chemicals. [1-1 H]D-Glucose (normal D-glucose) and [1-2 H]Dglucose (deuterium-substituted D-glucose) were purchased from Wako Pure Chemical Industries (Osaka, Japan) and Sigma Chemical (St. Louis, MO, USA), respectively. ,-Trehalose (1--D-glucopyranosyl -D-glucopyranoside, [1,1 0 -1 H]trehalose) was purchased from Nacalai Tesque (Kyoto, Japan), and was also synthesized from normal Dglucose by the trehalase-catalyzed reverse reaction (condensation reaction).
Isolation of trehalose by chromatographies. [1-
1 H]D-Glucose or [1-2 H]D-glucose was allowed to react with the trehalase condensation reaction. Each reaction mixture was separately subjected to carboncelite (2:3, by weight) column (1:2 Â 7:0 cm) chromatography, and then the column was washed with water to remove free D-glucose. Two fractions of disaccharides synthesized from [1,1 0 -1 H] and [1,1 0 -2 H]Dglucose were eluted with 30% ethanol and concentrated. For further purification, each fraction was subjected to high-performance liquid chromatography (HPLC) equipped with a Hypersil Hypercarb column (4:6 Â 100 mm; Hypersil, Runcorn, UK) at a flow rate of 0.5 ml per min with 3% acetonitrile. The purities of isolated trehaloses were first checked by thin-layer chromatography (TLC): sugar samples were developed on a pre-coated plate (Silica gel 60, Merck, Darmstadt, Germany) with nitromethane, 1-propanol, and water (4:10:3, by volume), and detection was done by dipping the plate in methanol containing 0.3% -naphtol and 5% sulfuric acid, and then by heating at 120 C for 5 min.
MS and NMR analyses. The molecular weight of the synthesized disaccharide was measured by FD-MS, JMS-SX102A (JEOL, Tokyo, Japan). Analysis for the anomeric proton in the disaccharide, 10 mg/ml in D 2 O, was done by NMR using sodium 3-(trimethylsilyl) propionate-2,2,3,3-d 4 as an internal standard, for 1 H-NMR, Bruker AMX-500 (500 MHz) and proton-decoupled 13 C-NMR, Bruker AMX-500 (125 MHz).
Enzyme assay and kinetic measurement. Measurement of enzyme activity was done by methods described in our previous papers. 4, 30) Initial velocities in the hydrolysis of [1,1 0 -1 H]trehalose and [1,1 0 -2 H]trehalose were measured at various concentrations of both substrates. A reaction mixture (250 ml) containing the enzyme (2 mg) and substrate in 0.1 M sodium phosphate buffer (pH 6.7) was incubated at 35 C for 6 min. The reaction was terminated by heating at 95 C for 3 min. The liberated [1-1 H] and [1-2 H]D-glucose in each case was determined by the Tris-glucose oxidase-peroxidase method 30) with a modification, using Glucose AR-II (Wako Pure Chemical Ind.). Kinetic parameters, K m and k 0 , were determined from Lineweaver-Burk plots where the straight line intersected the axes at À1=K m and 1=k 0 , but the significant figures are represented in Table 1 .
Results

Synthesis of
Two disaccharides synthesized from [1-1 H] and [1-2 H]D-glucose by the honeybee trehalase-catalyzed reverse reaction were tentatively designated 1-HT and 2-HT, respectively. Preliminary experiments were done to determine conditions suitable for trehalose synthesis, using 15, 20, 30, and 35% D-glucose at 30, 35, 40, and 45 C for 100 h in a reaction mixture of 250 ml, containing 2 mg of trehalase at pH 6.7. The preferable reaction conditions were decided to be 35% D-glucose at 45 C and for 100 h. While the trehalase was observed to be inactivated at over 40 C in our previous study, 4) it was thought to be stabilized under a high concentration of D-glucose. Preparation of 1-HT and 2-HT was done under the conditions described above: a reaction mixture (250 ml) containing of trehalase (2 mg) and 87.5 mg of [1-1 H]D-glucose or [1-2 H]D-glucose was incubated at 45 C for 100 h. The enzyme reaction was terminated by heating in boiling water for 5 min, and then the mixture was centrifuged to remove the resulting precipitate. The supernatant was subjected to a carbon-Celite column, and the disaccharide fractions, 1-HT and 2-HT, were individually collected. A trace amount of impurity in the disaccharide, detected by TLC, was removed by HPLC of a Hypersil. The result of only 2-HT is shown in Fig. 1 . By repetition of the procedures described above, about 5 mg of 2-HT was obtained from 1.0 g of [ 
Structural analyses of 1-HT and 2-HT
The 1-HT and 2-HT are nonreducing sugars, and were hydrolyzed by the trehalase to release D-glucose. The molecular weights of 1-HT and 2-HT as measured by FD-MS were m=z: 365 ½M þ Na þ and m=z: 367 ½M þ Na þ , respectively. This indicates that the molecular weights are 342 for 1-HT and 344 for 2-HT, and that the former is a disaccharide consisting of [1-1 H]Dglucose, and the latter, one consisting of [1-2 H]Dglucose. On 13 C-NMR analysis of 1-HT and 2-HT, the anomeric configurations of two glucosyl moieties were found to be -forms (Fig. 2) , and the C-1 signal of 2-HT greatly decreased. Six signals were observed in 1-HT and five ones, in 2-HT. As shown in Fig. 3 , 1 H-NMR analyses of synthesized 1-HT and a commercial trehalose displayed the characteristic J H1 and J H2 values (3.4 Hz) indicating that the glucosyl configuration was -forms, but no anomeric proton signal was found in 2-HT. These results indicate that 1-HT and 2-HT are ,-[1,1 0 -1 H]trehalose and ,-[1,1 0 -2 H]trehalose, respectively.
Measurement of -secondary deuterium kinetic isotope effects (-SDKIEs)
The -SDKIEs for the hydrolysis of commercial ,-trehalose and 2-HT by the trehalase were examined. Lineweaver-Burk plots for the effects of the substrate concentrations (s) versus the initial velocities (v) are shown in Fig. 4 , in which the v values for the hydrolysis of 2-HT were found to be much lower than those of ,-trehalose. Table 1 summarizes the rate parameters, the Michaelis constants (K m ), the molecular activities (k H and k D ), and the ratio k H =k D in the hydrolysis of the two substrates. The ratio k H =k D value for honeybee trehalase was quite high as compared with the values so far reported for -SDKIEs and -ST(tritium)KIEs in the hydrolytic reaction by other glycosidases. In general, the values are to the extent of less than 1.3. For instance, the values for -SDKIE range from 1.11 to 1.26 in the hydrolysis of [1,1 0 -2 H]isomaltose, 31) 32) and -[1-2 H]glucosyl fluoride 33, 34) by -glucosidases (retaining enzymes), glucoamylases (inverting ones), and glucodextranase (an inverting one). The k H =k D values for -STKIEs range from 1.17 to 1.26 G T 1 2 3 in the hydrolysis of -[1-3 H]glucosyl fluoride 33, 34) by glucoamylase and glucodextranase. Also in -glucosidase, the values for -SDKIEs range from 1.10 to 1.12 in the hydrolysis of nitrophenyl -[1-2 H]glucosides, 35) and from 1.11 to 1.19 in the hydrolysis of phenyl-or p-nitrophenyl -[1,1 0 -2 H]chitobiose 36) by lysozyme. The value for -STKIEs was 1.19 in the hydrolysis of [1,1 0 ,1 00 -3 H]chitotriose 37) by lysozyme. The reason for the relatively high -SDKIEs value (k H =k D , 1.53) in the hydrolytic reaction of [1,1 0 -2 H]trehalose by the trehalase remains unknown, but a possibility may be some effect of the substitution by deuterium at C 1 -carbon on aglycone side.
The k H =k D values for the hydrolysis of honeybee trehalase, includingand -glycosidase mentioned above, confirm that their hydrolytic reaction occurs via an oxocarbenium ion intermediate catalytic mechanism.
Discussion
-Secondary deuterium (D) and tritium (T) kinetic isotope effects, -SD(T)KIEs, have been observed in the hydrolytic reaction of manyand -glycosidases, including anomer retaining and inverting enzymes. The concept of -SD(T)KIEs is to be interpreted as follows.
In the hydrolytic reaction of the substituted glycoside by D or T at C 1 -H and the unsubstituted substrate, there is the case that the rate (k D or T ) of the hydrolysis of the former becomes lower than that (k H ) of the hydrolysis of the latter. As shown in step (c) of Scheme 5, the occurrence of a stable oxocarbenium ion intermediate, a resonance form between oxonium ion and carbocation essentially generated by cleavage of C 1 -O bond, causes a delay in the hydrolysis rate (k D or T ). The k H =k D or T value is bigger than 1 (unity). This kinetic phenomenon is called -secondary kinetic isotope effects. Figure 5 shows the schematic curves of the potential energy at the initial stage and the activated stage of substrate molecule. As shown in Fig. 5A , when -SD(T)KIEs are observed, the difference in energy zeropoint energy levels (E H and E D or T ) between the initial state and the transition state (activated state) is E H < E D or T , that is, k H > k D or T . The concept of secondary kinetic isotope effects is explained to be fundamentally the same as that of primary kinetic isotope effects. 28, 38, 39) On the other hand ( Fig. 5B) , the energy zero-point energy level in the initial state and the transition state between the normal substrate and the substituted one are equivalent, E H ¼ E D or T , that is, k H ¼ k D or T . Thus, -SKIEs are not observed. Besides the cases of E H < E D or T and E H ¼ E D or T , a special case of E H > E D or T is conceivable, that is, inverse kinetic isotope effects. 39) In the case, k H =k D or T is less than unity, but it seems unnecessary to take this into consideration in the reaction of glycosidase.
Meanwhile, SDKIEs of non-enzymatic reactions in acid-catalyzed hydrolysis have been examined using methyland -glucosides substituted by deuterium at C 1 -, C 2 -, and C 5 -hydrogen atoms of glycones, kinetic isotope effects of which are designated -, -, and -SDKIEs, respectively. 29, 40) In the non-enzymatic reactions of methyland -glucosides (solvolysis, 2.0 M HClO 4 at 80 C), -and -SDKIEs for methylglucoside were observed to be k H =k D values 1.13 and 1.107; those for methyl -glucoside were k H =k D 1.09 and 1.05, respectively, but no -SDKIEs were noticed in either substrate. These results seem to be of importance in understanding the reaction mechanism of glycosidases.
The schematic relation of free energy levels during reaction progresses, which is mutually related to the potential energy levels of the ground and activated states 
The two curves were drawn on the assumption that they intersect at one point on the abscissa. Regrettably, a serious error was recently found in the scale on the vertical line of Lineweaver-Burk plots in Fig. 4 of our previous paper, 4) in which the graduation was erroneously depicted at 10-fold. The error is revised in this figure, and the k 0 value 86.2 s À1 for hydrolysis of ,-trehalose in the previous paper 4) was consequently calculated to be 860 s À1 (Table 1) .
Potential energy level
Internuclear distance ( Fig. 5) , is shown in Fig. 6 . Figures 6B and C indicate nucleophilic single and double displacement mechanisms, respectively, in which -SDKIEs are not observed in the reaction processes as mentioned above, and Fig. 6A indicates the oxocarbenium ion intermediate mechanism.
Nucleophilic single displacement mechanism is explained as the reaction of nucleophilic attack of water on C 1 -carbon and electrophilic attack of H þ ion of carboxyl group (acid/base) on oxygen of C 1 -O bond; simultaneously carboxylate ion (base) pulls out H þ ion of water (Scheme 2). However, such a hydrolytic reaction is unlikely to occur continuously, because H þ ion as the initiation-driving force essential to the subsequent hydrolytic reaction is missing from the catalytic group (acid/base) at the final stage (c). As for the mechanism of hydrolysis of retaining glycosidases, the nucleophilic double displacement and the oxocarbenium ion intermediate reaction mechanisms are usually applied, and a number of investigators are liable to receive the former mechanism as the reaction mechanism of retaining enzymes. However, the reaction mechanism of inverting enzymes is not explicable by the nucleophilic double displacement mechanism, because ''triple'' displacement may become necessary to invert anomer. 25) Therefore, nucleophilic single displacement mechanism 41, 42) has been proposed so as to account for the inverting reaction. As Scheme 2 shows, the hydrolytic reaction is terminated through one time transition state (b), lacking the process of oxocarbenium ion intermediate. This means that -SKIEs are not observed in the reaction; nevertheless, -SD(T)KIEs have been observed in the hydrolytic reaction of inverting enzymes such as trehalase and glucoamylase. 31, 33) At the final stage c of Scheme 2, the positional states of the catalytic carboxy group (acid/base) and carboxylate ion (base) are reversed. The situation of catalytic groups at the active enzyme must revert to the initial situation of stage a. If not, the reversible synthesis of trehalose shown in Scheme 1 is impossible. These findings cannot be explained by the nucleophilic single displacement mechanism of Scheme 2.
Similar things can be said as to the nucleophilic double displacement mechanism in Scheme 3. In the reaction, -SKIEs may not be observed, because the process of oxocarbenium ion intermediate is lacking. In the process c via first transition state b, C 1 -O bond is newly formed between glycone and carboxyl ion of enzyme to give a kind of intermediate. The newly formed covalent bond is split by nucleophilic attack of water on C 1 -carbon through process d to f including the second transition state, e. It is thought that the reaction is a second-order bimolecular reaction between substrate and enzyme, and proceeds like S N 2 reaction, but the cleavage of 
Free energy
Reaction progress As shown in Fig. 6C , ÁG 1 and ÁG 2 at the two transition states are depicted to be equal as a matter of convenience. If the energy levels are ÁG 1 > ÁG 2 , the rate-limiting step may be present in the first transition state (b in Scheme 3); if the energy levels are ÁG 1 < ÁG 2 , the rate-limiting step may be present in the second transition state, e. Therefore, it is practically difficult to decide the rate-limiting step in the reaction.
The oxocarbenium ion intermediate and the transition state of double displacement are apparently similar to the coordination of bonds to carbon in the reactions of alkyl halides, 43, 44) for instance, in the nucleophilic substitution (unimolecular reaction) of 2-bromo-2-methylpropane and water (Fig. 7A ) as a typical S N 1 reaction, and in the nucleophilic substitution (bimolecular reaction) of methyl bromide and hydroxy ion (Fig. 7B ) as a typical S N 2 reaction, respectively. The oxocarbenium ion intermediate and nucleophilic double displacement reaction mechanisms of the hydrolysis of acetal are basically different from the nucleophilic substitution reaction of alkyl halides, and hence are not intrinsic S N 1 and S N 2 reactions. Of the two hydrolytic reactions for glycoside, the former should be called S N 1-like reaction, and the latter, S N 2-like one.
A great many researchers have accepted the nucleophilic single and double displacement mechanisms, but the mechanisms are considered to comprise inconsistencies that cannot be neglected from the viewpoint of organic chemistry, as mentioned above. Consequently, it is inferred that there are actually no reactions dependent on both nucleophilic single and double displacement reaction mechanisms.
In order to solve the problem of the reaction mechanism, another novel approach other than S N 1 and S N 2 reactions should be attempted. One approach is to regard the hydrolytic reaction of glycosidic-O bond as cleavage of acetal (Scheme 4). In the double displacement mechanism (Scheme 3), the two acetals, substrate a and glycosyl-enzyme c, are cleaved by different action modes; that is, nucleophilic attack by carboxylate ion in step (a) and by water on C 1 -carbon in step (d), respectively. However, it is generally known that the initial attack of only H þ ion on the oxygen of C 1 -O bond of acetal is essential to cleavage of the bond. [45] [46] [47] [48] [49] [50] Therefore, acetal d in Scheme 3 appears unlikely to be split by a different system. As shown in Scheme 4, the most important point for the hydrolytic reaction of acetal is the fact that oxonium ion is essentially formed by an attack of H þ ion on oxygen of C 1 -O bond. 49) The reasons why many investigators have accepted the nucleophilic double displacement reaction mechanism are obscure, but a probable reason is attributed to numerous reports on mechanism-base inhibitors. Available inhibitors, 51, 52) conduritol B epoxide, 53) 2-deoxy-2fluoro-glucoside, 54) 1,1-difluoroalkyl-glucosides, 55) and 5-fluoro--D-glucopyranosyl fluoride, 56) have been synthesized as a novel class of enzyme-activated irrever- sible inhibitors, which are mechanism-base inhibitors (suicide substrates). 2-Deoxy-2-fluoro-glucosides, 1,1difluoroalkyl-glucosides, and 5-fluoro--glucosyl fluoride are regarded as substrate analogs, and conduritol B epoxide, as an analog in the transition state. 57, 58) In mechanism-base inhibition, 59) usually glycone analog binds to a carboxylate group in active site directly involved in the activity, and then the glycosidase is irreversibly inactivated. Mechanism-base inactivation reactions for manyand -glucosidases [54] [55] [56] [57] [58] [60] [61] [62] and -glucan glucohydrolases [63] [64] [65] have been examined using the inhibitors mentioned above. The time-dependence for inactivation showed curves of definite pseudo first-order reaction. This means that the reaction modes are dead-end, that is, almost irreversible reactions, and the glycone analogs have confirmed to be connected to a carboxylate group in the catalytic site. 24, 56, 66, 67) The identification of such a covalent bond has been regarded as a proof in support of the nucleophilic double displacement reaction mechanism. However, even if the glycone analog is proved to be linked to a carboxylate group essential for catalytic activity, the formation of glycosyl-enzyme intermediate by covalent-O bond is not always evidenced in the hydrolytic reaction of normal substrates. The reactions of substrate analogs and glycosidases so far examined are just the same as general mechanism-based modification with suicide substrates, and accordingly it cannot be considered to be evidence that the usual hydrolysis of the normal substrates by glycosidase occurs through double displacement reaction mechanism.
On the other hand, the oxocarbenium ion intermediate reaction mechanism (Scheme 5) is also generally known. The schematic course of hydrolysis is shown in Scheme 5, the processes of which are basically similar to the cleavage reaction of acetal to hemiacetal involving the formation of oxonium ion (c). The reaction mechanism in Scheme 5 is applicable to both inverting and retaining glycosidases. This means that the reaction mechanism of glycosidase becomes explicable by a unitary mechanism. As mentioned above, the double displacement mechanism is improbable in view of chemical reactivity. Both the oxocarbenium ion intermediate mechanism and the nucleophilic double displacement mechanism are described in textbooks, 26, 27) but the description in a textbook 27) has recently been revised to the effect that the latter mechanism is more plausible than the former. There has been few reports discussed from aspects on reactivity in organic chemistry. The oxocarbenium ion intermediate reaction mechanism appears to be a plausible mechanism in both inverting and retaining glycosidase. In the case of hydrolysis of glycoside, C corresponds to C 1 of glycone; R, to aglycone; R', to C 5 forming O-ring.
